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WE CLAIM: 




A\channel processor adapted for aligning a respective 
fi^st hyper-concatenated data stream with a second 
hypg>r-concatenated data stream, each data stream 
being\ conveyed within a respective parallel channel 
and having substantially equivalent bit and frame 
rates, ftjie channel processor being connected to a 
respectiv\ channel for processing the respective 
first data ^stream, and comprising: 

a) a f ramer \adapted to detect incoming frames and 
generate a\ local strobe signal indicative of a 
timing of incoming frames of the respective first 
data . stream; 

b) a memory for \buffering incoming bits of the 
respective firstXdata stream; 

c) an interface adapted to receive a master strobe 
signal from a \selected adjacent channel 
processor; and 

d) an output timer adapted to control a position of 
a read pointer for \ outgoing bits .of the 
respective first data stieam based on a selected 
one of the local and master strobe signals. 



A channel processor as claimed\in claim 1, wherein 
the first and second hyper-concao^nated data streams 
comprise concatenated Synchronous Optical Network 
(SONET) signals. 



A channel processor as claimed in olaim 1, wherein 
the parallel channels comprise any oneVor more of: 
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a wavelength of a Wave Division Multiplexed (WDM) 
or a Dense Wave Division Multiplexed (DWDM) 
optical communications system; and 



a communications channel 
\ 

communications system. 



of 



wireless 



A channel processor as claimed in claim 1, wherein 
the framer comprises: 

a) a detector Circuit adapted to generate a 
detection signal indicative of detection of a 
selected byte of each incoming frame of the 
respective first \data stream; and 

b) a strobe circuit \adapted to generate the local 
strobe signal w\th a predetermined timing 
relative to the detection signal. 

A channel processor as claimed in claim 4, wherein 
the detector circuit is adapted to detect one or more 
of Al and A2 bytes of incoming SONET frames, and to 
generate the detection sigrral with a predetermined 
timing relative to reception \f the Al byte, 

A channel processor as claimed in claim 1, wherein 
the memory is a First-In-Fir^t-Out (FIFO) buffer 
having a read pointer indicative\ of an address of an 
outgoing bit of the respective fiAst data stream. 



A channel processor as claimed in claim 6, wherein a 
storage capacity of the memory is selected on a basis 
of a maximum anticipated misalignment between the 
first and second data streams • 
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8. A channel\ processor as claimed in claim 7, wherein 
the storagfe capacity of the memory is equivalent to 
at most about one-half of a data frame. 

9. A channel processor as claimed in claim 7, wherein 
the storage capacity of the memory is equivalent to a 
number of bits received during a time interval of at 
most about 250 Viano-seconds (nSec) . 

10. A channel processor as claimed in claim 6, wherein 
the output timer Y om P r i ses: 

a) a phase error \detector adapted to detect a" phase 
error between Ythe local strobe signal and the 
master strobe signal; and 

b) a pointer adjustment circuit adapted to adjust 
the read pointeA based on the detected phase 
error. \ 

11. A channel processor as\ claimed in claim 6, wherein 
the output timer comprises a program-controlled 
circuit adapted to measune a phase error between the 
local strobe signal and tne master strobe signal, and 
adjust the read pointer based on the measured phase 
error. \ 

A channel processor as claimed in claim 10, wherein 
the phase error detector comprises a counter adapted 
to count a number of clock puuses between the local 
strobe signal and the master strobe signal. 

A channel processor as claimed in claim 10, further 
comprising an offset circuit atiapted to apply a 
predetermined offset to the read pointer . 



12 . 



13. 
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14, A channel pjtocessor as claimed in claim- 13, wherein 
the predetermined offset is selected to compensate 
for a propagatyon delay of the master strobe signal,. 



15. A channel processor as claimed in claim 10, wherein 
the output timeA further comprises a switch circuit 
adapted to supply\ a selected one of the local strobe 
signal and the maker strobe signal to an input of 
the phase error defector, such that the phase error 
detector can be selectively controlled to detect one 
of: a phase error between the local strobe signal and 
the master strobe' signal; and a phase error between 
the local strobe signal\ at first and second inputs 

16. A channel processor as \claimed in claim 1, wherein 
the interface comprise^ first and second input 
circuits adapted to receive a master strobe signal 
from a respective one c\f the first and second 
adjacent channel processors 1 

17. A channel processor as claiAed in claim 16, further 
comprising a direction selector circuit adapted to 
couple a selected one of the Yfirst and second input 
circuit to the output timerA such that a master 
strobe signal propagated from\ a direction of the 
selected adjacent channel processor can be used by 
the output timer. 



18. A channel processor as claimed in claim 16, wherein 
the interface further comprises \ first and second 
output circuits adapted to send a selected one of the 
local strobe signal and the master strobe signal to a 
respective one of the first and \second adjacent 
channel processors . 
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A system for! processing a plurality of data streams, 
each data stream being conveyed within a respective 
parallel channel of a communications network and at 
least two \ of the data streams being 
hyper-concatenated data streams, the system 
comprising a \ plurality of parallel channel 
processors, each\channel processor comprising: 

a) a framer adapted to generate a local strobe 
signal indicative of a timing of incoming frames 
of a respective ^data stream; 

b) a memory for V >ufferin g incoming bits of a 
respective data stream; 

c) an interface adapfted to receive a master strobe 
signal from a \ selected adjacent channel 
processor; and 

d) an output timer adapted to control a position of 
a read pointer fcxr outgoing bits of the 
respective data - stream based on a selected. one of 
the local and master snrobe signals. 



20. A system as claimed in clain\ 19, further comprising a 
control unit adapted to: 

a) designate a master channel processor to operate 
in a free-running mode in which the timing of 
outgoing bits of a \ respective master 
hyper-concatenated data stream is based on the 
respective local strobe signaYL; and 

b) designate a slave channel proaessor to operate in 
a slave mode in which the timing of outgoing bits 
of a respective slave hyperAconcatenated data 
stream is synchronized to that c\f the master data 
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stream based on a master strobe signal 
originating from the master channel processor. 

21. A system as claimed in claim 19, wherein each channel 
processor is further adapted to selectively propagate 
a strobe signal ^received from one adjacent channel 
processor to an opposite adjacent channel processor. 



22. A system as claim^i in claim 21, wherein the control 
unit is further adkpted to control a set of two or 
more adjacent aLave channel processors to 
successively propagate a strobe signal originating 
from the master channel processor to each one of the 
set of adjacent slave \channel processors, whereby the 
timing of outgoing bits of each respective slave data 
stream is synchronize^ with that of the master data 

- stream. 

23. A system as claimed in claim 19, wherein each of the 
master and slave data streams comprise concatenated 
Synchronous Optical Network (SONET) signals. 

24. A system as claimed in claim 19, wherein the parallel 
channels comprise any one or Wore of: 

a) a wavelength of a Wave Division Multiplex (WDM) 
or a Dense Wave Division Multiplex (DWDM) optical 
communications system; and 

b) a communications channel\ of a wireless 
communications system. 



25. A system as claimed in claim 19, Wherein the framer - 
comprises: \ 
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detector circuit adapted to generate a 
detection\ signal indicative of detection of a 
first byt\e of each incoming frame of the 
respective ^plata stream; and 

a strobe ciVcuit adapted to generate the local 
strobe signal with a predetermined timing 
relative to thV detection signal. 



26. A system as claimedVLn claim 25, wherein the detector 
circuit is adapted t& detect one or more of Al and A2 
bytes of incoming SONET frames, and to generate the 
detection signal at a\timing of reception of the Al 
byte . 

27. A system as claimed in V;laim 19, wherein the memory 
is a First-In-First-Out \(FIFO) buffer having a read 
pointer indicative of am address of a successive 
outgoing bit of the respective data stream. 

28. A system as claimed in clAim 27, wherein a storage 
capacity of the memory is ^elected on a basis of a 
maximum anticipated misalignment between data streams 
received by the signal processor, 

29. A system as claimed in claim 2&, wherein the storage 
capacity of the memory is equivalent to at most about 
one-half of a data frame . 



30. A system as claimed in claim 28, wherein the storage 
capacity of the memory is equivalent to a number of 
bits received during a time interval of at most 
about 250 nano-seconds (nSec) . 
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A system as claimed in claim 27, wherein the output 
timer comprises 

a) a phase erAor detector adapted to detect a phase 
error between the local strobe signal and the 
received strobe signal; and 

b) a pointer adjustment circuit adapted to apply a 
first offset to the read pointer based on the 
detected phase ferror. 



32. A system as claimed\ in claim 31, wherein the phase 
error detector comprises a counter adapted to count a 
number of clock pulses between the local strobe 
signal and reception ok the master strobe signal. 

33. A system as claimed in \claim 31, wherein the output 
timer further comprises fen offset circuit adapted to 
apply a predetermined offset to the read pointer, 

34. A system as claimed U(l claim 33, wherein the 
predetermined offset is Selected to compensate a 
propagation delay of the master strobe signal. 



35. A system as claimed in clairm31, wherein the output 
timer further comprises a switch circuit adapted to 
supply a selected one of the lpcal strobe signal and 
the master strobe signal to an input of the phase 
error detector, such that the Vphase error detector 
can be selectively controlled Vo detect either: a 
phase error between the local stVobe signal and the 
received strobe signal; or a phas^ error, between the 
local strobe signal and itself. 
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A system claimed in claim 19, wherein the 

interface comprises first and second input circuits 
adapted to receive a master strobe signal from a 
respective one, of the first and second adjacent 



channel processors . 



\ 

A system as claimed in claim 36, further comprising a 
direction selectoVr circuit adapted to couple a 
selected one of th^ first and second input circuit to 
the output timer, teuch that a master strobe signal 
propagated from a direction of the selected adjacent 
channel processor caA be used by the output timer. 



38. A system as claimed in claim 36, wherein the 
interface further comprises first and second output 
circuits adapted to seAd a selected one of the local 
strobe signal and the\ master strobe signal to a 
respective one of the \ first and second adjacent 
channel processors . 



39. A method of processing two\or more hyper-concatenated 
data streams, each data stream being conveyed within 
respective adjacent parallel channels of a 
communications network, the \method comprising steps 
of: 

a) designating a one of the Ayper-concatenated data 
streams as a master data stream; 

b) designating all others of tme hyper-concatenated 
data streams as slaves to the\ master; 

c) at a channel processor fori the master data 
stream, generating a master strobe signal; 
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propagating^ the master strobe signal to 
respective Channel processors of each one of the 
slave data streams; and 

at the respective channel processor for each 
slave data stream, adjusting a respective read 
pointer for outgoing bits of the respective data 
stream, using \ a local strobe signal and the 
master strobe signal. 



40. A method as claimed \in claim 39, wherein the step of 
propagating the master strobe signal comprises a step 
of passing the mastef strobe signal from the master 
channel processor tb an adjacent slave channel 
processor. 

41. A method as claimed in\claim 40, wherein the step of 
propagating the master strobe signal further 
comprises a step of passing the master strobe signal 
to each successive adjaaent slave channel processor 
in a direction away \from the master channel 
processor . 

42. - A method as claimed in claik 39, wherein each of the 

hyper-concatenated data streams comprise concatenated 
Synchronous Optical Network (SONET) signals. 



43. A method as claimed in claim 3te, wherein the step of 
generating the master strobe \signal comprises the 
steps of: 

a) generating a detection sibnal indicative of 
detection of a first bit of Wach incoming frame 
of the respective master data stream; and 




9-13528-102US 



11997ROUS01U 

- 45 - 

b) generating\ the master strobe signal with a 
predetermined timing relative to the detection 
signal . 



44. A method as claimed in claim 43, wherein the step of 
generating a detection signal comprises the steps of 
detecting one or moVe of Al and A2 bytes of incoming 
frames; and generating the detection signal with a 
predetermined timing \relative to a first bit of the 
Al byte. 

45. A method as claimed in V:laim 39, wherein the step of 
adjusting a read pointeV for outgoing bits of the 
respective slave data strfeam comprises the steps of : 

a) detecting a phase er^or between a local strobe 
signal and the master ^trobe signal; and 

b) adjusting the read pointer based on the detected 
phase error, 

46. A method as claimed in claim\ 45, wherein the local 
strobe signal is generated by: 

a) generating a detection signal indicative of 
detection of a first bit of \ each incoming frame 
of the respective slave data stream; and 

b) generating the local strode signal at a 
predetermined timing relative \to the detection 
signal 



47. A method as claimed in claim 46, whenein the step of 
generating a detection signal comprises the steps of 
detecting one or more of Al and A2 bytes of incoming 
frames of the slave data stream; and generating the 
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detection signal with a predetermined timing relative 
to a first l\it of the Al byte. 



48 



A method as claimed in claim 45, wherein the step of 
detecting a phi&se error comprises a step of counting 
a number of clock pulses between the local strobe 
signal and reception of the master strobe signal. 



49. A method as claiit\ed in claim 45, wherein the step of 
adjusting the rea^ pointer for outgoing bits of the 
respective slave ddta stream further comprises a step 
of applying a predetermined offset to the read 
pointer . 

50. A method as clairrfed in claim 49, wherein the 
predetermined offset \ is selected to compensate a 
propagation delay of the master strobe signal. 

51. A method as claimed in\ claim 45, wherein the step of 
adjusting the read poimter of outgoing bits of the 
respective slave data stream further comprises a step 
of supplying a selected one of the local strobe 
signal and the master strobe signal to an input of a 
phase error detector, such\ that the step of detecting 
a phase error is selectively controlled to comprise a 
step of either, one of: detecting a phase error 
between the local strobe signal and the master strobe 
signal; and detecting a phase\ error between the local 
strobe signal and itself. 



52. A method of transporting a ^high-bandwidth signal 
comprising M hyper-concatenated \data streams across a 
network between a source node and a destination node, 
the method comprises the steps of: 
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a) providing ah end-to-end path between the source 
node and tl^e destination node, the end-to-end 
path comprising at least M parallel channels; 

b) launching each data stream from the source node 
toward the destination node through respective 
ones of .the channels; 

c) aligning each of\ the data streams at a downstream 
end of each hop Aoward the destination node; and 

d) reassembling the \ high-bandwidth signal at the 
destination node. 



